There are a number of tools available that allow assessment of the preoperative nutritional status of patients and help to identify malnourished patients. [3] [4] [5] Preoperative serum albumin level has been identified as a reliable measure of a patient's perioperative nutritional status. Low albumin levels have been proved to be strongly associated with delayed recovery of bowel function and postoperative complications. Furthermore, low levels of albumin have been shown to be a strong predictor of mortality and morbidity of major general surgery procedures. [6] [7] [8] Numerous studies have identified complications as a consequence of hypoalbuminemia in hospitalized patients with the goal of controlling morbidity and mortality. 9 Some of these complications include prolonged ventilator support, pneumonia, poor tissue healing, and delayed recovery of postoperative bowel function. 4, 9 However, there is limited data examining associations between modest decreases in serum albumin levels frequently seen in patients undergoing colorectal procedures and postoperative complications. Therefore, a large nationwide study analyzing the contemporary rate and the impact of modest decrease in the serum albumin level is needed.
There is a broad difference in postoperative complications attributable to hypoalbuminemia according to the types of surgical procedures. Therefore, it would be helpful to study complications as a consequence of hypoalbuminemia as adjusted by groups of procedures. 6 The primary objective of our study was to investigate outcomes of postoperative complications in patients undergoing colorectal surgery with moderate hypoalbuminemia. Using a large national database to analyze 13 postoperative complications, we aim to report on the incidence, risk factors, complications, and outcomes associated with the modest levels of hypoalbuminemia in patients undergoing colorectal procedures.
Methods
This study was performed using the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database from January 1, 2005, to December 31, 2012. ACS NSQIP is a nationally validated, risk-adjusted, outcomes-based program to measure and improve the quality of surgical care in the United States. 10 ACS NSQIP provides preoperative to 30-day postoperative surgical outcomes based on clinical data. We considered patients who had undergone colorectal resections for the diagnoses of benign or malignant colorectal tumors, diverticular diseases, and ulcerative colitis using the appropriate procedural and diagnosis codes as specified by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Patients undergoing colorectal procedures were defined based on the following Current Procedural Terminology codes: 44,140 to 44,160; 44,204 to 44,212; 45,110; 45,126; and 45,395. Patients who did not undergo colon or rectal resection were excluded from this study. Patients' diagnoses were defined based on the following ICD-9 codes: malignant neoplasm of colon and rectum (153.0 to 153.9, 154.0, 154.1, 230.3, and 230.4), benign neoplasm of colon and rectum (211.3 and 211.4), diverticulosis or diverticulitis (562.10 to 562.13), Crohn disease (555.1 and 555.2), and ulcerative colitis (556.0 to 556.9). Preoperative modest hypoalbuminemia was defined as the presence of serum albumin level between 3 and 3.4 g/dL based on preoperative laboratory results. The serum albumin level was based on preoperative laboratory results within 14 days of operation (the mean time was 5 days).
Preoperative factors that were analyzed include patient characteristics (age, gender, and race) and 16 comorbidity conditions as conveyed in Table 1 , including congestive heart failure (CHF) 30 days before surgery, currently on dialysis (preoperatively), diabetes mellitus with oral agents or insulin, weight loss more than 10% in last 6 months, steroid use for chronic condition, history of severe chronic obstructive pulmonary disease (COPD), current smoker within 1 year, moderate or severe dyspnea, the presence of ascites on physical examination or imaging within 30 days before operation, partial or total dependency in activities performed in the course of a normal day in a person's life (bathing, feeding, dressing, toileting, and mobility) before surgery as a measure of functional health status, disseminated (stage 4) cancer, American Society of Anesthesiologists (ASA) score more than 2, chemotherapy for malignancy in the last 30 days before operation, radiotherapy for malignancy 90 days before operation, alcohol abuse as defined by more than 2 drinks/d 2 weeks before admission, and hypertension requiring medication. Other factors analyzed include postsurgical complications (superficial surgical site infection [SSI] , deep incisional SSI, organ space SSI, wound disruption, pneumonia, unplanned intubation, ventilator dependency for .48 hours, urinary tract infection, cardiac arrest requiring cardiopulmonary resuscitation, myocardial infarction, deep vein thrombosis [DVT], acute renal failure, and hospitalization for .30 days from admission date), pathologic conditions (colorectal cancer, diverticulosis or diverticulitis, Crohn disease, ulcerative colitis, and benign colorectal tumor), procedure type (total colectomy, partial colectomy, abdominoperineal resection, and pelvic exenteration), surgical techniques (laparoscopic vs open), and wound classification (clean, clean/contaminated, contaminated, and dirty). The overall rate of preoperative modest hypoalbuminemia and the rate of postoperative complications by procedure type and serum albumin level were examined. Risk-adjusted analysis was performed to identify independent predictors of postoperative complications after colorectal surgery. Male gender, Caucasian race, and benign colorectal tumor were used as reference data points for comparison in line with the literature. 8, 11 Statistical analysis Statistical analysis was performed with SPSS software, version 22 (SPSS Inc., Chicago, IL). Logistic regression analysis was used to estimate the association between preoperative modest hypoalbuminemia and each outcome, including in-hospital mortality and all the considered postoperative complications. P values less than .05 were considered statistically significant. For each outcome, the adjusted odds ratio (AOR) with a 95% confidence interval was calculated and reported to estimate the relative risk associated with modest hypoalbuminemia. Adjustments were made for age, gender, race, hypertension, smoking, diabetes mellitus, dyspnea, preoperative pneumonia, preoperative myocardial infarction, cardiac angina, operation in 30 days before surgery, emergent admission, ASA score more than 2, steroid use, COPD, weight loss, dependency before surgery as a measure of functional health status, disseminated cancer, radiotherapy, alcohol abuse, chemotherapy, ascites, CHF, dialysis, and pathology type. Also, odd ratios of outcomes, including mortality, morbidity, and complications, were adjusted for the type of procedure, type of surgery (laparoscopic vs open), and wound classification. Logistic regression was also used to describe the weights assigned to preoperative variables that best discriminate patients with preoperative modest hypoalbuminemia from those without. Table 2 Risk-adjusted analysis of outcomes associated with modest hypoalbuminemia in colon and rectal surgery patients (multivariate analysis) SSI 5 surgical site infection. *Includes hospitalization longer than 30 days, ventilator dependency longer than 48 hours, unplanned intubation, deep vein thrombosis, cardiac arrest, pneumonia, acute renal failure, wound disruption, organ space surgical site infection, urinary tract infection, deep incisional surgical site infection, myocardial infarction, and superficial surgical site infection. Table 4 Preoperative variables associated with preoperative modest hypoalbuminemia in colon and rectal surgery patients (multivariate analysis) ASA 5 American Society of Anesthesiologists. *Partial or totally dependency in activities performed in the course of a normal day in a person's life (bathing, feeding, dressing, toileting, and mobility).
Results
We sampled 108,898 patients who underwent colorectal resection from 2005 to 2012. The mean age of patients was 63 years old with a standard deviation of 16 years. Most patients were Caucasian (85.6%) and women (52.2%). Most common comorbidities included hypertension (51.1%), diabetes mellitus (15.7%), COPD (7.2%), and disseminated cancer (5.9%). Demographic data of patients are described in Table 1 .
Of all patients who underwent colorectal resection, 16,962 (15.6%) patients had preoperative modest hypoalbuminemia. The median length of stay after surgery was 9 days in patients with modest hypoalbuminemia, whereas patients without hypoalbuminemia remained hospitalized 6 days after surgery. Patients with modest hypoalbuminemia had 2 days longer mean hospitalization compared with patients without hypoalbuminemia (95% confidence interval [CI], 1.83 to 2.35; P < .01).
The unadjusted mortality rate in patients with modest hypoalbuminemia and without hypoalbuminemia was 6% and 1.7%, respectively, whereas the adjusted risk of mortality in patients with modest hypoalbuminemia was estimated to be more than in those without hypoalbuminemia (AOR, 1.876; 95% CI, 1.51 to 2.05; P < .01).
The risk-adjusted analysis for postsurgical complications associated with modest hypoalbuminemia is reported in Table 2 . Specific postsurgical complications linked with modest hypoalbuminemia included hospitalization for more than 30 days from admission date (AOR, 1.77; 95% CI, 1.54 to 2.02; P < .01), deep vein thrombosis (AOR, 1.64; 95% CI, 1.37 to 1.97; P < .01), unplanned intubation (AOR, 1.42; 95% CI, 1.24 to 1.62; P ,.01), and ventilator dependency for more than 48 hours (AOR, 1.30; 95% CI, 1.14 to 1.47; P < .01).
Postoperative morbidity and mortality of patients are reported by serum albumin level in Table 3 and Fig. 1 . The highest morbidity (60.4%) and mortality (26.2%) rates occurred at serum albumin levels lower than 2 g/dL, and the lowest morbidity (14.6%) and mortality (.5%) rates occurred at serum albumin level of 4.7 g/dL (Fig. 1) . The rate of decline in mortality and morbidity reported in Fig. 1 was estimated by logistic regression to be approximately 49% and 24%, respectively, for each 1 g/dL increase in serum albumin level (P < .05) ( Table 2 ). Using the same methodology, similar results are reported for each of the 10 postoperative complications in Table 2 . Table 4 describes the associations between 29 preoperative variables and preoperative modest hypoalbuminemia. Factors such as history smoking, diabetes, steroid use, COPD, cardiac angina, history of surgery in 30 days, history of unintentional weight loss before surgery, ASA score more than 2, poor functional status, metastatic disease, and CHF have strong associations with preoperative modest hypoalbuminemia.
Colon cancer patients had a higher rate of modest hypoalbuminemia compared with rectal cancer patients (AOR, 1.55; 95% CI, 1.37 to 1.75; P < .01). Table 5 and Fig. 2 report associations between patients' pathology and site of the colorectal tumor with preoperative hypoalbuminemia. Table 5 Risk-adjusted analysis of pathologies associated with preoperative hypoalbuminemia compared with patients without hypoalbuminemia in colon and rectal surgery patients (multivariate analysis) *Cecum and ascending colon cancers. †Descending colon cancers. Comments Any decrease in serum albumin level from normal value has serious effects on outcomes of colorectal surgery patients. Preoperative hypoalbuminemia, even a modest degree, is associated with worse prognosis, increased rates of mortality and morbidity, and an observed increase in hospitalization length after colorectal operations. In-hospital mortality risk of patients undergoing colorectal resections increases 49% (AOR, .51) with only a decrease of 1 g/dL serum albumin level from the normal level (Table 2 ). In line with the available literature, modest hypoalbuminemia was also found to be significantly associated with increased mean hospitalization period of the affected patients. The high rate of mortality and morbidity in patients who had hypoalbuminemia has been previously introduced. 8 Our data show that even a minimal decease in the serum albumin level less than 3.5 g/dL is associated with significant mortality and morbidity. Also, this study introduces a linear correlation between the serum albumin level and postoperative mortality and morbidity. Even a modest decrease in the serum albumin level affects postoperative morbidity and mortality of patients (Table 3) . For example, a 1 g/dL decrease in serum albumin level from the level of 4 was found to be associated with a 49% and 24% increase in mortality and morbidity, respectively ( Table 3 ). Associations of serum albumin level with postoperative mortality and morbidity make it a simple prognostic tool for preoperative nutritional risk assessment and postoperative complications prediction.
This study reinforces the value of serum albumin level as an accurate preoperative marker to predict postoperative mortality and complications in colorectal surgery. Our data, which represents the largest to date on this topic, show that even in modest levels, hypoalbuminemia is a significant risk factor for 8 postoperative complications after colorectal operations (Table 2) , and this is in line with the literature. 8, 12 Interestingly our data revealed that modest hypoalbuminemia does not significantly increase superficial and organ space SSI rates. Despite these findings, further analysis showed that mortality, overall morbidity, and especially cardiopulmonary complications were all significantly higher in the presence of modest hypoalbuminemia. Furthermore, this study confirmed the previously reported association between hypoalbuminemia and cardiac arrest, ventilator dependency, DVT, and pneumonia observed in general surgical patients. 8, 13 We found 8 postoperative complications that had a significant association with modest hypoalbuminemia, with cardiopulmonary complications having the strongest association. Specifically the strongest associations were found between hypoalbuminemia and cardiac arrest, followed by respiratory complications and DVT (Table 3) . Among surgical site complications, 4 complications including superficial SSI, deep SSI, organ space SSI, and wound disruption have associations with hypoalbuminemia,8 but in analyzing hypoalbuminemia at modest levels, the significant associations persist only for wound disruption and deep SSI. We also found a linear relation between these 2 surgical site complications and the serum albumin level. With each 1 g/dL decrease in the serum albumin level from the normal level, the risks of wound disruption and deep SSI increased by 25% and 16%, respectively (Table 3) .
These results suggest that serum albumin measurement should be used more frequently before surgery as a prognostic tool by surgeons. Serum albumin level is a low cost key element in nutritional assessment that has been previously identified.8 It is an objective nutritional assessment element with the ability to detect protein-energy malnutrition in early clinically unrecognizable situations, such as in patients, that do not demonstrate weight loss and high protein requirement situations (stress of illness, trauma, and infection). 8, 14, 15 Serum albumin level has also been validated as a component of the Acute Physiology and Chronic Health Evaluation III score that is used to predict morbidity and mortality in critically ill patients. 16, 17 We found that an ASA score greater than 2 is a reliable marker to predict hypoalbuminemia even in modest levels in colorectal surgery. Using the power of the large NSQIP database, this study identified 18 significant preoperative factors associated with modest hypoalbuminemia in colorectal patients. ASA score has been previously introduced as a marker of mortality in general surgery. 8 In addition, this study introduces elevated ASA score as a reliable marker to identify patients with modest levels of hypoalbuminemia in colorectal surgery.
There are numerous preoperative comorbidities, which have associations with modest levels of hypoalbuminemia. We found more than 19 comorbid conditions associated with modest hypoalbuminemia in univariate analysis of data. After adjustment with multivariate analysis of data, 16 comorbid conditions had significant associations with modest hypoalbuminemia. Comorbidities of weight loss, CHF, and ascites have strong associations with modest hypoalbuminemia. Comorbidity of alcohol abuse does not have significant associations with modest hypoalbuminemia. Further studies are indicated to see if the reason for hypoalbuminemia in patients with comorbidities is malnutrition or if it reflects an acute-phase response.
Patient pathology also appears to play a role in hypoalbuminemia. Patients with Crohn disease had an increased risk of hypoalbuminemia. Even after adjustment for 24 confounding factors, Crohn disease had a significant association with hypoalbuminemia. This is most likely explained by the high prevalence of malnutrition and use of steroids in patients with Crohn disease.
Patients having colon cancer have a higher rate of preoperative modest hypoalbuminemia (19.4%) compared with patients with rectal cancer (7.3%) ( Table 5) . Once again, among colorectal tumors, right-sided colon cancers had the highest rate of modest hypoalbuminemia. The risk decreases in transverse colon malignancies, and the lowest risk exists in benign colorectal tumors ( Fig. 2 and Table 5 ). However, there is limited published data regarding associations between hypoalbuminemia and tumor site in colorectal surgery. Further studies are indicated to evaluate this relationship.
Perioperative nutritional care aiming to decrease postoperative complications should be further evaluated in patients with hypoalbuminemia. Enhancement of recovery time in colorectal surgery by perioperative multimodel care programs including early postoperative nutritional care has been introduced in the literature. 19, 20 Obviously, the reduction in recovery time observed cannot be entirely related to nutritional support, and further studies should investigate the etiology and pathophysiology of hypoalbuminemia in surgical patients.
Study limitations
This study is a large retrospective review and is, therefore, subject to typical inherent biases for retrospective studies, such as selection bias. Data in this study were extracted from the NSQIP, which collects data from more than 500 hospitals in the United States. Thus, there is a wide variety of in-hospital settings and surgeons' expertise that can affect the study. Patients in this study did not form a homogeneous group, and their primary diagnoses varied broadly. Some patients may have received preoperative supplementation or resuscitation with albumin, which may have altered serum albumin measurements. Because of the restrictions of the database, some of the potentially important postoperative complications that are known to correlate with hypoalbuminemia were not included in this study (ie, anastomotic leakage). 21 Patients cannot be tracked; therefore, we do not have data beyond 30 days from the date of surgery and long-term outcomes. Likewise, coding errors may exist because of the use of discharge data (ICD-9 codes). 22 Despite these limitations, this study is one of the first to report on postoperative complications of modest hypoalbuminemia in colorectal resection procedures in this population subset.
Conclusions
Modest hypoalbuminemia is a common condition in colorectal patients. Its presence has a strong association with increased morbidity and mortality. Hypoalbuminemia can be used as a prognostic factor to predict the risk of adverse surgical outcomes. With each decrease of 1 unit of serum albumin level from the normal level, mortality and morbidity of patients increased 49% and 24%, respectively. Colon cancer had a higher risk of hypoalbuminemia compared with the rectal cancer. Among colorectal tumors, right-sided colon cancers were associated with higher rate of modest hypoalbuminemia, with lower rates in left-sided tumors. The highest associations between modest hypoalbuminemia and postsurgical complications in colorectal patients exist in nonsurgical site complications, especially prolonged hospitalization. Presence of Crohn's in pathology of patients is a predictor of hypoalbuminemia.
